Introduction

Early Medical Science
The most famous physician from the Netherlands is probably Herman Boerhaave, who lived from 1668 to 1738. Boerhaave, who lectured at the University ofLeiden, was a botanist, a physician and professor of chemistry. He excelled in all these areas and managed to publish classical works, such as lnstitutiones Medicae (Medi- From Switzerland tame Albrecht von Haller (1708-1777), who was a student of Boerhaave. Von Haller was a compassionate, emotional man, and became professor in health sciences, anatomy, botany, and surgery. He wrote many great works, among Which the Elementa Physiologicae, a book on physiology which remained a Standard for a long time.
Another example of broad scientific knowledge and learning is Rudolf Virchow, who lived from 1820to 1902. fie Was a pioneer in such diverse fields £pathology, anthropology, archeogy, and medical history. That he fbook ofMedical Informatics 1997
Review Paper
Clinicians at Work: Sharing Care in the Information Age could also be a narrow-minded dogmatist, however, was proven by the way he destroyed Philipp Ignaz Semmelweis, an obstetrician from Vienna. Semmelweis discovered that puerperal fever could be prevented if physicians washed their hands before examining pregnant women. Virchow publicly (and we now know unjustly) ridiculed this standpoint, which cost Semmel we is his job and reputation.
Nowadays, such broadly oriented scholars are very rare. The amount of knowledge has grown to such large proportions that it is no longer possible to master several medical specializations to a level such as that of Boerhaave in his age.
Changes in Health-Care Delivery
Another aspect that has changed, is the way health-care delivery operates, which is caused by the socialization of physicians. Fifty years ago, being a family physician was a 24-hours-aday job. Without communication tools, fast means of transportation, and a backup service, the physician had to rely on his own capability and good health to deliver the service to the needy population. Nowadays, many physicians want to be able to work part-time, have the weekend off, and a vacation every now and then. This raised the need for sharing patient care with other health-care providers.
Another element in health care which increases the need for shared care is the regulation of workload for hospital-based physicians. Especially physicians with long waiting lists have expressed the need to improve the quality of the referrals to their clinics by better cooperation with referring physicians.
Hospital-based care is expensive when compared to primary care. There is a tendency, triggered by political and financial forces, to substitute expensive care delivered in the hospitals by care delivered by primary-care physicians. In these latter settings, general practitioners keep patients under their care, and only when serious problems occur, the patient is senttothehospital. This approach has proven to be effective, both from a medical and economical point of view [ 1] . Moreover, most patients prefer the close-to-home care delivered by the general practitioner.
The developments described above have led to situations in which patients receive care from several care providers, each with their own expertise and knowledge. Increasingly, physicians cooperate and communicate with other care providers, even within the same specialty. In order for 83 Review Paper shared care to be delivered in a coherent manner, precautions have to be undertaken to prevent the process from disintegrating.
Shared Care Initiatives
The concept of shared care is gradually emerging. But what is shared care aiming at? Orton [2] describes the aims of shared care as: -earlier and safer discharge of patients from hospital; -more frail and elderly people are supported in their own homes; -provision of better coordinated and more flexible community care; -efficient use of acute hospital services; -greater responsiveness to the needs of patients. The shared-care concept is developing rapidly. For a number of diseases and their treatment, shared-care plans have been formulated and implemented. Issues in the implementation of the shared-care approach include patient-or parent-held patient records, communication between primary and secondary care, and the use of hospital facilities by primary care physicians. We describe a number of these projects in the remainder of this section.
Internal Medicine
In 1993, Sheldonetal. [3] found that of 203 HIV -positive men only 19% had their general practitioner involved in HIV -related care, but that 51% showed interest in receiving shared care between clinic and general practitioner. That a shared-care approach is not acceptable under all circumstances for patients is shown by the study performed by Grun and Murray [ 4] . These researchers found that only a minority ofHIV -positive but asymptomatic persons were willing to join a shared-care program.
Helliwell and O'Hara [5] describe the development of a shared-care pro-84 tocol for the management of rheumatoid arthritis. The evaluation showed that the protocol was followed in 65% of the cases, and that most of the monitoring activities were done by general practitioners. Communication problems between general practitioners, consultants and patients were one of the reasons why the protocol failed.
Moody et al. [6] asked 634 general practitioners what they considered to be valuable service from the regional gastro-intestinal unit, for patients with chronic disorders. A large majority of the respondents expressed a desire for: ( 1) news bulletins, (2) treatment protocols, (3) a telephone hotline with a senior consultant, and (4) a shared-care setting with the hospital unit.
Diabetes is an example of a disorder that can greatly benefit ·from shared care [7, 8] . However, on the other hand, Pringle et al. [9] demonstrated that glycemic control in diabetic patients not only depends on factors such as gender, treatment group and years passed since the diagnosis, but also on the organization and the process of care. Shared care did not pay off in this particular experiment. A study by Hoskins et al. [ Also obese persons can benefit from the shared-care approach. Richman et al. [11] designed a shared-care weight-loss program in which both the hospital and general practitioners participated. This program was compared prospectively with an existing hospital-based program. The shaFed-care program turned out to be the most effective of the two.
Surgery
FitzGibbon and Keon [12] investi, gated shared care between a spe~ cialized cardiac surgery departmen,t and non-specialized hospitals. Pa. tients referred to the cardiac surgery department were, after operation, transferred for postoperativ~ care to the referring hospital. This procedure increased the availabilit~ of surgical treatment, while postoperative care remained unchangecQ facilitated by the close relationshig between the hospitals involved.
Obstetrics
A possible tool for supporting shared care is the use of patient-held records. Forbes et al. [13] questioned 148 women receiving shared care from both primary and secondary care providers during pregnancy. These women used a patient-held record for data storage and communication between the care providers. The researchers, compared the results with those of a group of 52 women receiving only clinical care. The shared-care group was more satisfied with the care they received. The authors report, however, that patient-held records have certain limitations, one of them being that the patient is not always carryin~ it when visiting the care provider.
Although most of the studies cited here paint a favorable picture of shared care in comparison to other forms of care, there are also studies which show that shared care is not new. Turnbull et al. [14] showed that midwife care alone outperforms shared• care provided by general practitioners, consult1 ants and midwives. The women in the midwife-managed group receivedlesd medical procedures, such as an epi· siotomy or an induction of labor. Furthermore, they were more satisfie4 with the care they received than the Y ~arbook of Medical Inf~rmatics 1 ~ ~en in the shared-care group.
'fhese findings are supported by research undertaken by Tucker et al. f15]. These authors argue that in women with low risks of pregnancy complications, involvement of secondary care consultants offers no clinical benefit.
Urology
Benign prostatic hyperplasia is a very common disorder among elderly men. In the UK, urologists alone cannot possibly provide care for aU these patients [ 16] . A feasibility study by Morris et al. [17] indicated that management of the disease can easily be done by community care. When a patient presents himself, an important question is, ·is this a benign or a malign form of hyperplasia?'. Booth et al. [18] describe a study in which general practitioners used the services of an outreach clinic .for quick assessment of patients with suspected prostatic . obstruction. After investigation by specially trained nurses in the clinic, patients were either referred back to the general practitioner or were seen by a urologist. The general practitioners valued the service of the hospital highly, because it provided them a quick and accessible specialist assessment. The patients were happy with the thorough and reassuring approach.
Oncology
Williams [19] describes the special place of the general practitioner in relation to cancer. One of the tasks of the general practitioner is to provide shared care, which means helping the patient by monitoring the treatment activities and its progress, and supporting the patient and the family in coping with all stages of the disease.
As already described in the paraaph on dealing with obstetrics, patient-held shared-care records function as a central storage system and Yearbook ofMedical Informatics 1997 communication tool between care providers. Hooker and Williams stress the value of these shared-care records for supporting care for children with cancer. An interesting point in · their study is the involvement of all the care providers in the development of the record, and the focus on communication with patient and parents using the cards [20] .
Role of Information
The need for information for the delivery of good-quality health care is growing rapidly. As in other areas of society, computer technology plays an increasing role in managing this information. Hammond [21] , reviewing the development of hospital information systems, indicates that health care has failed to keep pace with the rise in computing power and communications technology, possibly because of the complexity of health care and the large variety of individuals working with the systems. He underlines the importance of these systems for collecting, storing, processing, retrieving, and communicating patient-related data, not only between hospital departments but also between hospitals and other care providers. He concludes that "clinical information is not the property of a single facility but rather ........ part of a global resource which focuses on the patient -centered record". Buffone and Beck support this view: "Patient care typically requires that multiple providers share data and information in a facile and relevant manner" [22] .
In the Netherlands, the general practitioner forms the interface between primary and secondary care. Typically, patients first consult their general practitioner. If considered necessary, the general practitioner refers the patient to a specialist who reports the results of the assessment (and possibly therapy) back to the general Review Paper practitioner. For this reason the Dutch general practitioner is considered to be the central physician in the patient's medical history and the ideal person to coordinate shared care. This is especially true for patients with chronic illnesses. Hasler even goes so far as to stipulate the care for patients with chronic diseases as "the very stuff of general practice" [23] . This coordinat-· ing task puts high demands on the information-processing capacity of the general practitioner and the efficiency of communication with other care providers. A large number of studies have demonstrated that communication between physicians about co-treated patients is prone to be delayed, incomplete, or erroneous [24] [25] [26] [27] .
Especially for patients with chronic diseases, well-coordinated. care is essential. Many of these patients are treated concurrently by different physicians. An example of a chronic disorder, requiring lifelong medical attention, is diabetes mellitus. Evidence exists that diabetes mellitus will become a more serious public health problem in the years to come. For the Netherlands, it has been estimated that the number of diabetes patients will increase from 191,000 (1.35% of the population) in 1980 to 355,000 (2.2% of the population) in 2005; this increase is partly due to the aging of the population, but also the result of an increasing incidence [28] . Furthermore, general practitioners are often confronted with co morbidity of their diabetes patients. Schellevis et al. [29] found that 40% of the diabetic patients aged over ' 65 suffered from one or more other diseases, such as ischemic heart disease or hypertension; these patients are likely to be involved in more than one surveillance scheme, which may lead to improperly coordinated, and possibly inefficient care. Recent studies point in that direction, indicating that distributed care may lead to inefficient care [30] [31] [32] .
Review P4per
Models of Shared Care
With the formation of teams of cooperating health-care p~oviders the physician as a soloist is coming to an end [33] . Care teams could consist not only of physicians and nurses, but also, for example, of social workers. Such a team could improve the quality and efficacy of care [34] . In the same series as [33] and [34] , Orton [35] gives a clear description of shared care. In a shared-care setting consultants and general practitioners provide a package of tasks to a patient, which was originally supplied by hospital clinicians only.
Technology is regarded as one of the possibilities to support teamwork and shared care. Especially computer-based patient records linked together using a computer network can bridge the information gap between care providers, social workers, publichealth researchers, policy makers, and financial institutions [33] . In a recent paper, Hickman et al.
[36] describe a taxonomy of current shared-care models. They discern:
1. A basic model, in which consultants and general practitioners exchange letters on a regular basis; 2. A model centered around specialist clinics in the community; 3. Liaisonclinics; 4. Shared-care record cards; 5. Computer-based shared care; 6. Electronic mail.
The authors believe that this taxonomy can be used to classify a broad variety _of shared-care initiatives. This classification can then be used by health-care workers to develop ideas and projects involving shared care.
In an excellent review paper Hampson; Roberts and Morgan describe the state of the art in sharedcare research [37] . The authors studied 230 papers on the subject and divided the field in three, task-oriented, main areas of research, each with a number of subgroups (Table 1) . In their discussion the authors dedicate a section to the possible contribution of information and communication technology to the further development of shared care. A centralized computerbased patient record could be a solution, but many hurdles have to be over~ come to make the introduction. In the mean time, every effort should be made to improve communication between care providers.
Workflow Management
While looking for a cost-effective way of operating, many companies outside health care have reorganized themselves in loosely linked divi' sions* which are commonly known as virtual enterprises. They consist of geographically distributed companies, each with its own competence, responsibilities and management. Maintaining a high-quality, cost-effectiv~ output from a virtual enterprise requires that the different processes form a coherent and integrated whole. In order to do so, virtual enterprises use automated workflow-managemenj techniques to manage the process.
Health care consists of large numbers of care providers, some workintf as a soloist orin small group practices~ others working in larger organizationsa When care for a particular patient needs it, some of these independent actors work together in order to try to iinprove the patient's well-being. Afterfinalizing the treatment, the temporary team dissolves, but may remain in contact related to other patients. The similarity with the virtual enterprise described above is striking.
Automated workflow-management techniques aim to integrate flows of information, tasks and (financial) resources into one efficient process. Email, electronic data interchange and distributed data processing are elements supporting the tasks of healthcare providers. Workflow management can facilitate health-care delivery by efficiently streamlining the flow of data between the many health-care providers, the patient, the hospitals and other parties, such as insurance companies [38] . On admission of a trauma patient to the hospital, an automated workflow-management system may, for example: -search the network for relevant previous information; -transmit an eligibility request to the insurance company; -urge the physician to perform certain actions; or -inform the general practitioner about the admission, Using a workflow-management system, every admission to a hospital automatically generates a number of interactions with other (remote) computer systems, but also with persons Working in the hospital, in a general practice, or in a pharmacy [39] .
An early example of a workflowbased approach is described by · Hempel [ 40] . In his study, physicians and nurses used a flow sheet and outpatient medical records to support diabetes care. The results of the study showed that, using a diabetes flow Sheet, the quality of the documentation, and the compliance of care pro-'Yearbook ofMedical Informatics 1997 viders to recommended medical procedures increased significantly.
Based on experience in other sectors, many. software industries and consultancies are now focusing on the implementation of automated workflow-management systems in health care. In the USA, an example of such an initiative is the Healthcare Open Systems and Trials (HOST) program, which aims to accelerate the adoption of computer-based patient records, foster and encourage the development of open architectu. re, integrated health-care information systems, and promote movement toward community-wide networks for health-care information. One of the main areas of research of HOST is the development and implementation of workflow management in health care.
Building and Implementing Clinical Guidelines
Developing clinical guidelines is one of the issues in health care that attracts a constant flow of both positive and negative attention, financial resources, and research activities. The reasons for developing clinical guidelines stem from emotional, medical, managerial, and economical viewpoints, in that they can help with [41] : -reducing errors and uncertainty; -reducing practice variation; -reducing inappropriate care; -reducing costs of health care; -improving insight in the delivered care; and -improving the predictability of the total medical consumption. For example in the USA, the UK and the Netherlands, physician organizations are constantly defining, refining, and updating clinical guidelines [42] . The implementation of these guidelines, however, is not to be taken lightly. Tierney et al. [ 41] implemented clinical guidelines for the management Review Paper ofleft-ventricular systolic dysfunction, published by the Agency for Health Care Policy and Research (AHCPR). These authors conclude that the guidelines are an 'excellent, evidence-based review of the current state of the art', but that the guidelines lack explicit definitions and specificity.
Another interesting study, performed by Safran et al. [43] , started from a different point of view. The researchers set out to develop a set of guidelines, using a panel of experts. The guidelines were implemented in a computer-based patient record system. One group of physicians received alerts and reminders interactively, while another group of physicians did not. Both groups, however, used the same computer-based patient record. The results showed that the physicians receiving alerts and reminders adapted to the guidelines in a faster way and more fully than physicians who did not receive these messages. ~he key to success in this project seems to be the availability of locally designed and, therefore, easily accepted guidelines, and a clear-cut translation of these guidelines in computer-based messaging procedures.
Fridsma et al. [ 44] argue that general guidelines are often difficult to implement because of local circumstances that are not taken into account in these general guidelines. The authors studied the possibility of transforming general guidelines into sitespecific versions. They conclude that these specific guidelines are less diffi-. cult to implement, without being in conflict with the general guidelines.
In the Netherlands, the Dutch Organization of General Practitioners has developed clinical guidelines for a large number of diseases, including the management of diabetes, asthma, and hypertension [42) . Grol [45) investigated the level of dissemination of the stan-87 dards among general practitioners. He found that the large majority of the general practitioners knew the standards well, and agreed with the procedures used to create the standards. The disadvantage was that most of the general practitioners did not want the standards to become obligatory. They feared, for example, abuse of the standards in malpractice procedures by unsatisfied patients. Furthermore, keeping the guidelines up-to-date and bringing them into the office of the general practitioner will be the challenge of the next decade.
Workflow systems rely heavily on widely accepted guidelines in which, for example, the involved persons and organizations, the tasks and procedures to be performed, and the division of these tasks are described. Another important aspect of guidelines is that they should supply a form of decision support, helping an individual physician to choose between several competing options. Constructing and implementing these guidelines is an art in itself, a long tedious process which· may take many years. At present, it appears that there is still a long way to go.
Implementing the Interface between Primary and Secondary Care
While the care providers are trying to tear down the walls that have separated them for so many years, the medical informatics societies are busy developing the tools that should facilitate shared care. In this review we also look at some of the trials and tribulations that are related to the delivery of what is sometimes referred to as seamless care.
Integrated Patient Records
As discussed in section 2, the effectiveness of distributed care depends on a well-structured communication system. Developments of computer-based 88 patient records have resulted in a large number of operational systems in both primary care [ 46] and the hospital [21] . Data exchange between these computer systems is also becoming operational, often based on standardized textual messages using, for example, HL-7 or the ED IFACT syntax in Europe [47] . Research has indicated that this approach eliminates transcription errors, reduces administrative workload and increases the general practitioner's knowledge about the total care that patients are receiving [48] . The disadvantage of this method is that it leads to duplication of data and thus to possible inconsistencies. Therefore, the interest for integrated or shared records, or multidisciplinary records, is rising rapidly.
In Europe, several EU-supported projects aim to develop and implement computer-based integrated care records. The EPIC project [ 49] , for example, focused on the development of an information system capable of providing the support necessary to facilitate integrated care to vulnerable patients treated at home. Based on a business analysis of the community care, the information model was created and implemented.
. Rigby et al. [50] describe any medical record as a capturing of three processes, namely: -the patient's physical and health state; -the activities, thoughts and uncertainties of the care provider(s); -the plans and intentions to support the patient. They discern a part of the record which is shared by all the involved health-care professionals (e.g., the problem list, or allergies), and a part which is profession-specific or only known in a particular patient -clinician relation. The benefits of such an integrated record are many, including: -a focus on interdisciplinary communication,
-effective care planning, -better understanding of resource usage, and -reduction in administrative work~ load. Integrated records and telemedicine. are also used in rural communities where health-care services are few and remote [51] . Linking physician., eleCtronically may provide better service to the patients, offer remote process~ng of data, and can assist the delivery of shared care.
Many paper-based integrate~ · recor~s have been developed and the use of them in patient care has been evaluated. Essex et al. [52] developed a shared-care record for the treatment of psychiatric patients. The evaluation demonstrated the acceptability of the records to patients, increased their autonomy, and improved communica 1 tion between the involved care provid'l ers. The acceptability to the care providers, however, left much to be desired. Arguments presented by the care providers against the shared care approach included: -psychiatrists, doubting whether the general practitioner was able to look after schizophrenic patients.
also fearing that shared care was a challenge to their authority; -general practitioners, unwilling to accept responsibility for long-tet1 care. There were also organizational barriers; for example, general practitiot ners were not allowed to make direct referrals to community psychiatrif nurses: The study clearly indicates that technological solutions will not be accepted when the organizational stroc· tun~ is missing.
Defining the Need f or lnformatia
When designing an integrated health· care record, an essential question i which data to include in it. Definin minimum data sets is an exercis which has been done before, but mos YearbookofMedicallnformatics l99 r -. sf the time related to the care gtven within one particular setting, for ex-..a,rnple a hospital or a general practice. Computer systems are then used to urge clinicians to fill in any gaps found jn the data relating to a particular patient [53) .
In a shared-care situation, however, the task of defining the required data set becomes even more difficult.
In order to enable shared care, Moran et al. [54) designed a community database, based on the requirements of the health-care professionals. This database differs fundamentally from a regular medical database:
instead of diagnoses and medications, the community database contains information about the professional and the physical resources necessary to keep the patient at home and out of the hospital. The authors report difficulties in attuning the data stemming from the different care providers. 
Discussion
When the interface between primary and secondary care is being reinvented, the question arises what the effects are, from a medical, economical, and organizational point of view. This question is often hard to answer and not much information is available on this subject. Evaluation of the effects of a certain intervention, however, may provide valuable clues for further developments. The implications are many; we will discuss a few of them, without attempting to give a complete overview.
Cost Justification
As indicated earlier, the use of shared care may implicate considerable shifts in financial resources [52) . When primary-care physicians are able to provide high-quality care at low Costs, this may be in conflict with a ~ospital policy: dehospitalization is not tntheir best interest [55) . Furthermore, Yearbook ofMedical Informatics 1997 insurance companies using managedcare systems, are mainly targeting at risk selection and profits: these structures require high administrative overheads. In this respect, Light [55) uses the term Master of Business Administration-managed care, as opposed to clinically-managed care.
This discussion at least makes it clear that formal evaluation of changes to the organization of care is necessary. This does not only apply to, for example, the introduction of a new drug or a new surgical procedure, but also applies to the implementation of information technology. To our knowledge, few of such evaluation studies have been published. We describe two experiments.
Overhage et al. describe the design and implementation of an electronic communication network to be used for patient care and research [56] . They also identified a number of previous evaluation studies, focusing on the effects of information technology on health-care delivery. The authors conducted an evaluation study focusing on the physician's use of electronically accessiblefull-textmedicalreference' s, the impact on testing in the emergency department, and the effect on cost and quality of prescription writing.
Payton et al. [57] compared the annual costs of treatment of a patient with Alzheimer's disease when treated at home ($12,572) and the costs of institution-based care ($42,050). The authors implemented a communication network, to be used by homebased caregivers, providing functions such as peer support, professional advice, education, and counselling. The annual costs of this network were $1,797 per patient. After pointing out a number of limitations to the study, for example its small size, the authors conclude that the network is costeffective by facilitating the replacement of ~xpensive institution-based Revtew Paper services by home-based services.
Gatekeepers
Another important question arising from the shared care discussion is: who is in charge? Shared care needs a coordinator. Franks et al. [58] underline the value of a gatekeeper, especially in environments where patients are at risk of overtreatment. In the USA, this risk is apparent and is due to five factors: the fee-for-service system; the fears of malpractice claims; the continuing development of new medical technology; the aggressive medical culture, based on an intolerance to uncertainty; and the oversupply of specialists. Franks et al. report that people tend to view gatekeeping as the medically limited bureaucratic function of opening and closing the gate to high-cost medical services. This view does injustice to the gatekeeper, and Franks et al. try to reinstate the gatekeeper as the patient's advocate, guarding the patient against unnecessary medical interventions. The authors also argue that the primarycare physician is the best choice for the patient's benefit.
Light [55] supports this view. He underlines the role of computer systems in supporting the general practitioner with making the right choice for treatment in the primary-care setting, or referral to secondary care. Light suggests that computer-based decision-support systems perform the same tasks as medical administrators, at a fraction of the cost. Again, formal evaluation studies are needed to either support or reject this view.
In spite of all the innovations in health-care technology, evidence exists that the attitude of both physicians and patients influence to a large extent the outcomes of any medical treatment [58] . The introductio,n of information and communication technology in health care always requires organizatio~~l changes and will, therefore, always meet with considerable resistance. Implementing computer-based shared care is a beautiful example of a promising but difficult organizational enterprise that deserves our full attention.
